With the continuous low oil price, the national oil companies in China are under the pressure of lowering the development cost and improving their investment efficiency of their overseas investments. Optimal methods are needed in screening the overseas assets within the constraint of investment. This paper presents a multi-objective integer programming model for the optimal selection of overseas oil development projects for Sinopec based on the economic evaluation of various projects in different countries and regions. Combination of economic parameters and practical constraints are discussed and presented in the mathematical models. Application of the model shows its advantages over the traditional screening and ranking methods.
Introduction
In recent years as one of the major Chinese NOCs, China Petroleum & Chemical Corporation (Sinopec) have emerged as significant players in global mergers and acquisitions in upstream oil and natural gas for the need of domestic economic development. After years of expanding and diversifying its overseas reserves, Sinopec has made significant improvement in its overseas production levels. In may not want to abandon a whole asset or in one asset some existing projects should be kept because of mutual obligations. So in this paper a multi-objective programming model is presented considering all of the requirements and obligations under some limitation of capital expenditure or oil production. Aronofsky (1983) Zhong [9] use Data Envelopment Analysis (DEA) to present a method to determine the optimal scale of productivity construction investment in unit production. He established an optimal model with net present value (NPV) as objective function and constraints including investment, reserve/production ratio, production and some equality constraints. 
Literature Review

Theoretical Model
To select the most efficient and profitable combination among petroleum development projects under some kind of investment constraints is highly like Knapsack Problem, which belongs to NP-hard problem. To invest a project or 
in which 1 2 ( , , , ) Table 1 .
The objective function in the model is a combination of the above economic parameters at different weights. For instance, if we take NPV，PIR and UOC as multi-objective function, the model can be expressed as: , , w w w is the weight for objective NPV, PIR and UOC. ij x is the decision variable, the value is 0 or 1, which mean rejected or selected respectively.
In the ten objectives, for a determined selection of projects, the ROCE can be expressed as:
( ) So if ROCE is included in the objective function, it will become a nonlinear integer programming problem.
To realize the goals of keeping good projects, cutting or suspending the poor projects, the first constraint is investment limit. An appropriate Capex limitation should be given for the whole company (SIPC) or for an individual asset. Other constraints may include the oil production should be greater than some required value, the net profit should be positive or the ROCE should be great than some value to maintain a minimum capital efficiency. The main constraints are list in Table 2 .
It should also be noticed that if ROCE is included in constraints, it will become a nonlinear integer programming problem. Nonlinear algorithm such as Genetic Algorithm may be needed in solving the problem.
In order to avoid cutting all of the projects in one asset, the following option can be given in the model. 
To gain better access to crucial technical and managerial know-how in areas in which Sinopec are relatively inexperienced, the company would like to keep a proportion of unconventional oil and gas assets in the total investments. This constraint can be expressed as:
( ) In order to use linear integer programming algorithm to solve this problem, Equation (5) can be linearized as following:
( )
For a single project in an asset, it may be evaluated based on different scenarios such as different development plans or oil price levels. Only one can be chosen among these evaluation schemes with different economic performances.
This constraint is easily written as:
where l represents different evaluation scheme,
Through different combination of objectives and constraints, more than 300 mathematical models can be presented. A model library was constructed in the software with different models which can give various model combination based on the selection of model and constraints and the necessary input values by the user. The mixed integer programming algorithm and genetic algorithm are used to solve this problem depending on the model is linear or not or if equality constraints exist in this problem. Software is developed with functions like dealing with data file, automatic algorithm selecting based on the nature of the model.
Applications
The linear integer programing model is conducted for the optimization of 256 overseas projects of SIPC. The typical information of each project is summarized in two tables. Table 3 is the basic information of the project including name, code, contract/block, category et al. Table 4 is the economic evaluation output of each projects.
Normally all the economic evaluation reports and data are stored in MS Excel files. The software developed here can selectively read all the necessary data from these files when they are ready. After that the user need to input all the objectives and constraints and choose some particular options as shown in Figure 2 . Linear integer programing or genetic algorithms are automatically selected based on the combination or model objectives and constraints. For example, when ROCE is selected as an objective, genetic algorithm must be used because the problem is non-linear model. After running the optimization program, optimal combination of projects are given also in an Excel file which contains the values of decision variables, the projects' economic indices and the group indices such as ROCE, PIR, total NPV, total Capex etc. The optimization result in Table 5 shows that 192 projects are selected finally among the total 256 projects. The projects with lower efficiency are removed.
And we can find from Table 5 that project ADX.126.EXT.01 with a negative NPV is preserved in the optimization, the reason is that the option "Keep Existing Project" is selected before optimization. So we must note that this is a very strong constraint if it must be claimed by the company's decision-makers.
The production profile and some economic indices before and after optimization are shown in Figure 3 and Figure 4 . From the comparison we can find that after optimization even the NPV and Capex decreased to some extent, but the investment efficiency (PIR and ROCE) increased, and also a better accelerated production profile is achieved. 
The efficient frontier analysis for different combination schemes is shown in Figure 5 .
Conclusion
The optimal selection of overseas development projects are realized by a mixed integer programming model which based on the available cash flow model evaluation of different projects and assets. Combinations of economic parameters are analyzed and described during the construction of the multi-objective mathematical model. Some practical considerations such as the preservation of existing project or the dependency of assets have great influence on the optimization result. The software developed can give the decision-makers more options in deciding the combination of objectives and constraints, on which the model structure and algorithm will be automatically matched.
